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Abstract 
The number of small-scale dairies in Sweden has increased during the past decade. 
Current agricultural policy encourages such small-scale production and various ways to 
help producers have been proposed. Combining traditional cheese making and good 
product safety is a challenge, since several human pathogens pose a hazard in the prod-
ucts. Staphylococcus aureus is an important foodborne pathogen that can be transmitted 
via milk to cheese. Some strains can produce staphylococcal enterotoxin (SET) during 
growth in foods and cause food poisoning. Environmental conditions during the initial 
phase of cheese making are close to optimal for growth of S. aureus. 
This study examined small-scale artisan cheese production and relevant pathogens, 
with the aim of formulating advice on microbiologically safe production. A survey of 
fresh and short-time ripened cheeses produced in Swedish small-scale dairies investi-
gated the occurrence and levels of S. aureus, Listeria monocytogenes and Escherichia 
coli. Information about production practices was collected and S. aureus isolates were 
characterised with emphasis on enterotoxin genes, antibiotic resistance, biotyping and 
genetic variation. Staphylococcus aureus isolates from cheeses were investigated in 
broth cultures for their potential for growth and production of staphylococcal 
enterotoxin A (SEA) in typical cheese making conditions as regards temperature, pH, 
lactic acid/undissociated lactic acid and water activity.  
Detected levels of the three pathogens were reasonable in most cheese samples 
tested. Listeria monocytogenes and SET were not found, but E. coli and enterotoxigenic 
S. aureus were frequently found in raw milk cheeses, sometimes at high levels. The S. 
aureus isolates were mainly of animal biotype and two-thirds were enterotoxigenic. 
The isolates tested were able to grow and produce SEA in the presence of moderate 
concentrations of undissociated lactic acid. SEA was produced continuously during 
incubation and high concentrations were found long after S. aureus levels had peaked. 
In practice, further storage of cheese samples prior to SET analysis may be beneficial 
when high staphylococcal levels are detected. Increased awareness of the importance of 
hygiene barriers is needed. Possible improvements in process control include e.g. con-
trolling raw milk quality, using active starter cultures and monitoring acidification. 
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Sammanfattning 
Antalet småskaliga mejerier i Sverige har ökat under det senaste årtiondet. Dagens 
jordbrukspolitik uppmuntrar denna livsmedelproduktion och olika förslag till stöd och 
hjälp har lags fram. Kombinationen av traditionell osttillverkning och god livsmedels-
säkerhet är en utmaning då det finns ett antal livsmedelsburna patogener som kan 
utgöra en fara i produkterna. Staphylococcus aureus är en viktig livsmedelsburen pato-
gen, som bland annat kan förorena osten via mjölkråvaran. Vissa stammar av S. aureus 
har förmågan att producera stafylokockenterotoxin (SET) när de växer i livsmedel och 
kan därigenom orsaka matförgiftning. De miljöbetingelser som råder under osttillverk-
ningens första fas gynnar tillväxt av S. aureus. 
Denna studie undersökte småskalig osttillverkning och relevanta patogener i syfte att 
formulera råd till en mikrobiologiskt säker ostproduktion. Färska och korttidslagrade 
ostar, tillverkade på svenska småskaliga mejerier, analyserades med avseende på före-
komst och halter av S. aureus, Escherichia coli och Listeria monocytogenes. Informa-
tion om tillverkningsmetoder samlades in och S. aureus-isolat karaktäriserades med 
avseende på enterotoxingener, antibiotikaresistens, biotypning och genetisk variation. 
Staphylococcus aureus-isolat från de analyserade ostarna undersöktes i buljong-
kulturer för deras förmåga att tillväxa och producera stafylokockenterotoxin A (SEA) 
under förhållanden som liknar osttillverkning avseende temperatur, pH, mjölk-
syra/odissocierad mjölksyra och vattenaktivitet. 
Halterna av de tre patogenerna var rimliga i de flesta analyserade ostproven. Listeria 
monocytogenes och SET detekterades inte i något prov, men E. coli och S. aureus 
påvisades ofta i ostar gjord av opastöriserad mjölk, ibland i höga halter. Isolaten av S. 
aureus var huvudsakligen av animaliska biotyper och två tredjedelar bar på minst en av 
de analyserade enterotoxingenerna. I måttliga koncentrationer odissocierad mjölksyra 
kunde de undersökta isolaten både tillväxa och producera SEA. SEA producerades 
kontinuerligt under inkubering och höga koncentrationer påvisades långt efter det att 
cellhalten nått sitt maximum. 
När höga halter av stafylokocker påvisats i ost kan det i praktiken vara fördelaktigt 
att förvara ostprovet en tid innan det ska analyseras för SET. Det finns behov av en 
ökad medvetenhet om hygienbarriärernas betydelse och möjliga förbättringar i produk-
tionskontrollen inkluderar mjölkråvarans kvalitet, användandet av aktiv starterkultur 
och övervakning av syrning 
 
  
 
 
 
 
Age is something that doesn't matter, unless you are a cheese 
Billie Burke 
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1 Introduction 
1.1  Small-scale cheese production in Sweden 
During the last decade, there has been increased interest in, and political en-
couragement of, small-scale production of e.g. cheese and other milk products. 
Government authorities within the food and agricultural area have issued a 
number of suggestions to facilitate and support small-scale manufacturers. The 
suggestions include stimulation of networks between businesses within an area, 
education in food hygiene and food safety, and establishment of centres for 
small-scale food production for guidance and knowledge dissemination (Kemi 
& Sylvén, 2005).  
 
In the Swedish small-scale dairy sector, the number of dairies increased by 
50%, from 78 to 117, during the period 2005-2011 (Eldrimner, 2011; National 
Food Agency, 2011; Sveriges gårdsmejerister, 2011). Some of the incentives 
for starting up a small-scale dairy have been reported to be value added in the 
form of local or ecological regional food production in close contact with con-
sumers, good husbandry, increased farm profits, the challenge and the fact that 
the production contributes to rural livelihoods and increased employment 
(Johansson, 1998). There is an increasing trend for using unpasteurised milk, 
especially among recently started producers and those using milk from their 
own animals
1. The increased production of raw milk cheeses may be a result of 
the current food legislation. In contrast to earlier, the legislation now allows 
Swedish raw milk cheeses ripened <60 days to be sold on the common market, 
and not only directly to the consumer (EC, 2004b). 
 
A typical feature of small-scale production of artisan cheese is that the milk 
used comes from one or a few sources. Compared with larger dairies, the 
                                                        
1. Birgitta Sundin, Eldrimner, pers. communication 2011-12-19  
small-scale food businesses face different challenges in meeting increased 
consumer demands, and many have expressed difficulties in complying with 
food hygiene and safety legislation (Anonymous, 2005).  
 
The majority of Swedish small-scale dairies are small enterprises consisting 
of a few persons. Among the producers, there is a wide range of experience, 
from those recently started to those with long experience. This is also reflected 
in the design of the dairy premises (Fig. 1). Limited numbers of non-academic 
cheese making courses are available, and since artisan cheese making is based 
on traditional production techniques, knowledge is often transferred orally 
among cheese making colleagues. Hence, there is reason to expect a large 
variation in knowledge and awareness of the microbial safety of the products. 
However, to assess the microbial safety of the products, data regarding 
production practices, properties and virulence potential of bacterial hazards, 
and the impact of pasteurisation and starter cultures are needed (Lindqvist et 
al., 2002). 
 
Figure 1. Examples of exteriors and interiors of Swedish small-scale dairies (photo: Åsa 
Rosengren) 
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1.2  Milk and cheese microbiology 
1.2.1  Raw milk microbiology 
Raw milk contains a mixed microflora that comes from several sources. In the 
mammary gland, milk does not contain bacteria unless the animal suffers from 
udder or systemic disease. However, as milk is excreted it may become con-
taminated with saprophytic bacteria of e.g. the genera Micrococcus, Strepto-
coccus, Bacillus and Staphylococcus living in the epithelium of the teat canal. 
Thus, even in a healthy animal, the milk may contain many bacteria when it 
leaves the animal (Lejeune & Rajala-Schultz, 2009). In addition, the animals, 
dairy farm environment and milking equipment are important reservoirs for 
many foodborne pathogens. Soil, bedding materials and faeces are important 
contamination sources of e.g.  Campylobacter spp., Listeria monocytogenes, 
Yersinia enterocolitica,  Salmonella spp. and verocytotoxigenic Escherichia 
coli (ICMSF, 1998; Jayarao & Henning, 2001; Oliver et al., 2005; Jayarao et 
al., 2006).  
 
Staphylococcus aureus is often found in milk, and has also been reported to 
be isolated from skin of udders and teats, wounds and mucosa, milking equip-
ment and shelves, floor, door knobs, etc. (Jorgensen et al., 2005b). This 
bacterium is the most important species causing mastitis, which is an infection 
of the mammary tissue. Mastitis is caused when bacteria migrate from the teat 
canal to the udder cistern and the mammary glands. The disease can be clinical 
or sub-clinical. Clinical symptoms vary from being mild to severe, but in sub-
clinical mastitis no signs of disease are observed. The number of microorgan-
isms shed into the milk during mastitis ranges from <4 log10 colony forming 
units (CFU) per mL for sub-clinical mastitis to >7 log10 CFU per mL for 
clinical mastitis (Chambers, 2002). 
 
To detect sub-clinical mastitis, the milk must be tested for the presence of 
mastitis bacteria or increased somatic cell count (SCC) (Thorberg, 2008). SCC 
measures the number of leukocytes (white blood cells) in the milk and is an 
indication of udder health (Walstra et al., 2006). An increase in SCC is related 
to increased levels of S. aureus and/or other bacteria causing mastitis (Jayarao 
et al., 2004). The leukocytes produce heat-stable proteins and fat degradation 
enzymes, which affect the quality and shelf-life of milk and milk products 
regardless of whether the milk is pasteurised or not (Ma et al., 2000; Barbano 
et al., 2006). SCC can be measured directly using an automated cell counter, 
either using a portable cell counter at the farm or sending samples to a labora-
tory (Persson & Olofsson, 2011). An alternative method is the California  
Mastitis Test (CMT), which is an indirect method that measures the quantity of 
DNA in the milk and hence, the number of SCC (Quinn et al., 1994b) (Fig. 2). 
This method is fast and easy to use on the farm and can be used to test milk of 
both cows and goats. However, the results for these are interpreted differently 
(Sargeant et al., 2001; Persson & Olofsson, 2011). Healthy goats normally 
have higher SCC in the milk compared with cows, and the number increases 
during the lactation and with parity (Paape & Capuco, 1997). SCC in goat’s 
milk also varies between individuals and herds (Schaeren & Maurer, 2006). 
 
Figure 2. Indirect test for somatic cell count (SCC) in cow’s raw milk using the California Masti-
tis Test (CMT); a) A small amount of milk from each udder quarter is added to a tray with four 
cups. b) CMT liquid is added to each cup and mixed with the milk. c) A check is made for gel 
formation in the milk-CMT liquid mix (photo: Åsa Rosengren). 
1.2.2 Cheese  microbiology 
Milk makes an excellent substrate for many microorganisms, including many 
foodborne pathogens, and it is believed that cheese making was first developed 
as an attempt to store milk in an appropriate way for a long time. During 
cheese making, highly perishable milk is converted into a less perishable 
product by acidification with starter culture, rennet coagulation, followed by 
dehydration and salting (Fox, 1993). The microbiological status of cheese 
depends on the quality of the milk, possible contamination during processing 
and cheese type. Raw milk can contain spoilage organisms as well as 
pathogens, and therefore many dairies prefer to pasteurise the milk before 
cheese making.  
 
Pasteurisation kills vegetative pathogenic microorganisms such as Myco-
bacterium tuberculosis, Salmonella spp., E. coli, thermotolerant Campylobac-
ter spp., L. monocytogenes and S. aureus. Most spoilage microorganisms are 
also killed, which reduces problems with off-flavours and gas formation. How-
ever, thermoresistant microorganisms and spores of Bacillus spp. and Clos-
a. c. b.
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tridium spp. survive and may cause quality defects in the cheese (Walstra et 
al., 2006). In addition, heat-resistant staphylococcal enterotoxin (SET) 
produced by S. aureus is not inactivated by pasteurisation (Jablonski & 
Bohach, 1997). Heat-treated milk is sensitive to recontamination by 
microorganisms from air, water, equipment, people, utensils, starter cultures, 
rennet and packaging (ICMSF, 1998; Boor & Murphy, 2002).  
 
Lactic starter cultures containing lactic acid bacteria (LAB) are most often 
added to cheese milk for both safety and sensory purposes (ICMSF, 1998). The 
main task of starter cultures is to ferment lactose to lactic acid and thereby 
decrease pH in the curd, but aroma components, carbon dioxide and sometimes 
proteolytic enzymes are also produced (Fig. 3). Acidification, which continues 
throughout the initial phases of cheese making and the early stage of ripening, 
is important for suppression of the growth of undesirable microorganisms in 
the cheese curd (Bylund, 1995). Mesophilic and/or thermophilic starters are 
used depending upon cheese type, and curd temperature during fermentation is 
d30 °C and 42-45 °C, respectively (Cogan & Hill, 1993). Hence, fermentation 
temperature is critical since a sub-optimal temperature may cause slow or no 
acidification (ICMSF, 1998; Robinson et al., 2002). Starter cultures are sensi-
tive to adverse conditions and should be properly handled and stored. 
Unsuccessful acidification may also be due to antibiotics or detergent residues 
in the milk, bacteriophages, small inoculum or detrimental activity due to old 
age of the starter culture (Stadhouders et al., 1978; Bylund, 1995). To avoid the 
risk of inconsistent or undesirable results when using natural indigenous flora, 
well-defined commercially available starters are commonly used today 
(ICMSF, 1998). Bacteriophage infection in starter culture results in slow 
acidification and some starter strains are more sensitive than others. The use of 
mixed cultures is preferable because if one strain becomes infected, the others 
in the culture continue to produce acid. Other precautions are exchanging 
starters regularly or using phage-resistant strains (ICMSF, 1998; Tamine, 
2002).   
 
Figure 3. Changes in the concentrations of total lactic acid and undissociated lactic acid (HLac) 
and in pH when a mesophilic starter culture ferments lactose in milk at 21 °C (based on informa-
tion in Cogan and Hill (1993))  
 
Even if cheese making is a preservation method, pathogenic bacteria may 
be present and cause foodborne disease. Their ability to grow and survive de-
pends on heat, acid and salt tolerance, initial numbers and individual charac-
teristics of the species or strain in question. Cheese type also plays a major 
role, with soft cheese with a high moisture content providing a more favourable 
environment for microbial growth than hard cheese. The most relevant food-
borne hazards in cheese are S. aureus, Salmonella, L. monocytogenes and 
pathogenic E. coli (ICMSF, 1998; De Buyser et al., 2001). If pathogens are 
present, they are expected to lose viability during ripening. However, inactiva-
tion rates vary considerably between cheese types, species and strains 
(Bachmann & Spahr, 1995) (Fig. 4) and in soft cheeses with high moisture 
content e.g. Camembert, L. monocytogenes grows during ripening (Ramsaran 
et al., 1998). 
 
pH Lacticacid HLac 
%
 
L
a
c
t
i
c
a
c
i
d
m
M
 
H
L
a
c
 
p
H
1617 
 
Figure 4. Changes in population numbers of Salmonella typhimurium, Listeria monocytogenes, 
Staphylococcus aureus and Escherichia coli during cheese making and ripening of semi-hard raw 
milk cheese (Tilsiter) (modified from Bachmann & Spahr (1995)) 
1.3  The cheese making process 
When milk is made into cheese, casein and fats are concentrated approximately 
10-fold. Other milk components, mostly water and water-soluble proteins, are 
removed with the whey by dehydration. Dehydration is achieved by combining 
cutting, stirring, pressing, salting and ripening. By altering parts of the dehy-
dration steps in a variety of ways, different pH, salt content, moisture and mi-
croflora determine the flavour, aroma and texture of different cheese varieties 
(ICMSF, 1998). However, some stages are shared by almost all cheese types 
(Walstra et al., 2006): 
1.  Clotting of milk: Clotting or gelation is achieved by the rennet proteins 
chymosin and pepsin or low pH (or a combination of both). Rennet 
enzymes change N (kappa)-casein to aggregating paracasein micelles, 
while acid neutralises electrical charges on micelles, resulting in gel-
like aggregation.  
2.  Dehydration by whey removal:Gel aggregation leads to spontaneous 
expulsion of whey, a process called syneresis. The removal of whey is 
enhanced when the gel is cut into pieces, followed by stirring and 
warming. 
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3.  Acid production during manufacture: Lactic acid bacteria convert 
lactose to lactic acid causing a decrease in pH. Acidification influ-
ences the firmness of the curd, syneresis, ripening and microbiological 
safety. 
4.  Salting: NaCl is added generally to a concentration of 1 to 4%, and 
affects shelf-life, flavour and consistency in particular. 
5.  Fusion of curd grains: This is done by pressing grains together in a 
mould, resulting in a coherent loaf and further expulsion of whey. 
Pressing can be done either with or without weights. 
6.  Curing/ripening: To achieve the desired flavour, texture and water 
content of a given cheese type, it needs to be ripened under appropri-
ate storage conditions in terms of e.g. temperature, humidity and time.  
Thus, cheese making is a complex interaction of physical, biochemical and 
biological processes and involves many process steps and conditions, as illus-
trated in Figure 5. Each process step or condition may not alone ensure a mi-
crobiologically safe cheese, but a high degree of safety can be achieved when 
many sub-optimal environmental factors collectively contribute to the pre-
servative characteristic. This phenomenon is described as the ‘hurdle effect’, 
and each factor is seen as a ‘hurdle to be leaped over’ by the microorganism. 
Important hurdles in cheese are temperature, acidity (pH), water activity (aw), 
undissociated lactic acid (HLac) and competitive LAB (Leistner, 2000).  
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Figure 5. General flow chart for production of small-scale semi-soft rennet mould cheese with 
mesophilic starter culture (based on Bylund (1995), Walstra (2006), Olofsson (2010) and K. 
Jürss. pers.communication (2012-03-02)). 
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1.3.1 Process  control 
Cheese production is regulated within the European Union (EU) and all food 
business operators (FBOs) (i.e. producers), large and small, are currently 
regulated by a number of EU Food Hygiene Regulations (EC, 2002, 2004a, b, 
2005). The FBOs are obliged to establish, carry through and maintain an 
internal system ensuring safe and hygienic production based on numerous 
general and specific requirements (pre-requisites) prescribed in Regulations 
(EC) no. 852/2004 and 853/2004. Examples of pre-requisites include compli-
ance with the microbiological criteria for foodstuffs (EC, 2005), maintenance 
of the cold chain, sanitation procedures, water supply, premises, educa-
tion/training and personal hygiene.  
 
In addition to the pre-requisites, cheese making FBOs must implement and 
maintain procedures based on the principles of Hazard Analysis Critical 
Control Point (HACCP), which is a control system focusing on preventive 
measures (FAO/WHO, 2003; EC, 2004b). HACCP is widely recognised and 
must be adopted for each product before it is released on the market and when 
any modification is made to the product.  
 
The HACCP system involves the following steps:  
 
1.  Identification of hazards that must be prevented eliminated or 
reduced to an acceptable level. 
2.  Identification and establishment of Critical Control Points 
(CCPs) in the process where control is necessary for elimina-
tion or reduction of the hazards to an acceptable level.  
3.  Establishment of critical limits of CCPs that distinguish 
acceptable from unacceptable levels of hazards. 
4.  Establishment of monitoring procedures for the CCPs. 
5.  Establishment of corrective measures when monitoring 
exceeds critical limits. 
6.  Verification of the HACCP plan to ensure it is working 
properly. 
7.  Documentation of records to demonstrate monitoring and 
measures are effective. 
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The HACCP methodology is flexible, prescribes the principles and can be 
adapted to all types of food production. Detailed national guidelines have been 
developed by many food business sectors according to the requirements in 
Regulation (EC) no. 852/2004 (Articles 7-8). The guidelines are voluntary and 
allow producers to describe in detail how to comply with food legislation. 
Swedish guidelines for the production of different types of small-scale artisan 
cheeses have been published (Eldrimner, 2009). 
 
Process control in cheese production depends on cheese type and whether 
milk is heat treated or not. When making raw milk cheese, high-quality milk 
must be used. Milk quality is controlled by ensuring good animal health, good 
quality of animal feeding, adequate housing and hygienic milking conditions 
(ICMSF, 1998; Olofsson, 2010). Regular cleaning of equipment and facilities, 
heat treatment of brine and overall hygiene are some preventive measures to be 
taken (Arvanitoyannis & Mavropoulos, 2000). 
 
To control the growth, survival and inactivation of possible microbiological 
hazards, factors such as time, pH and temperature must be checked throughout 
the cheese making process. Therefore, the procedures for the initial phases of 
artisan cheese making include several control points to monitor the process in 
general and a few CCPs to assure that critical control point limits are not ex-
ceeded. For example, time and temperature are measured during most process 
steps. Pasteurisation is a CCP where time-temperature combinations, either 63 
°C for 30 min or 72 °C for 15 s (EC, 2004b), must be carefully controlled 
(FAO/WHO, 2003). Starter culture activity is considered a CCP in small-scale 
dairies, and pH is checked during fermentation up to approx. 24 h (Olofsson, 
2010). The pH of milk is about 6.7 and for most cheese types, successful 
acidification results in a pH below 6 after 5-6 h and around 5 or lower after 24 
h (Walstra et al., 2006) (Figs. 3 and 5). For safety and quality reasons, most 
cheeses, with the exception of fresh cheese, require ripening of variable dura-
tion depending on type, and during ripening time and humidity are checked. 
Water is lost during ripening and biochemical reactions favour texture and 
flavour development, but also make conditions unfavourable for most vegeta-
tive foodborne pathogens (ICMSF, 1998) (Fig. 4). 
  
1.4 Staphylococcus  aureus 
1.4.1  Characteristics of the organism 
Staphylococcus aureus is a Gram-positive coccus that may occur as single, 
paired or irregular grapelike clusters of cells (Staphylé is Greek for ‘bunch of 
grapes’). The species derives its name from its carotenoid pigment, which re-
sults in golden-yellow colonies (aureus meaning golden). However, many 
strains lack the pigment and thus form white or grey colonies on blood agar. 
Staphylococcus aureus is coagulase- and catalase-positive, oxidase-negative, 
non-motile, does not form spores and has both respiratory and fermentatory 
metabolism. It is typically mesophilic, with a growth optimum at 37 °C. Some 
strains are able to produce staphylococcal enterotoxin (SET) during growth in 
foods. SET is the causative agent of staphylococcal food poisoning (SFP) 
(ICMSF, 1996). The bacterium is killed by pasteurisation, but SETs are very 
heat-resistant. Thus, the bacteria may be killed, but if preformed in food, SET 
may remain and cause SFP (Le Loir et al., 2003). 
 
Staphylococcus aureus is ubiquitous and can be found in the nostrils and on 
the skin and hair of warm-blooded animals. Up to 30-50% of the human popu-
lation are carriers. Hence, important contamination sources for foods are the 
hands and noses of food handlers, which contaminate foods via manual contact 
and respiratory secretions (Le Loir et al., 2003; Lai et al., 2011). 
Staphylococcus aureus can grow in many food types and, in combination with 
its ecological niche, its incidence in processed, manipulated and fermented 
foods makes it an important foodborne pathogen. Other contamination sources 
of S. aureus may be the farm or the food processing environment (Borch et al., 
1996; Jorgensen et al., 2005b). It is an udder pathogen and is often isolated in 
mastitis milk from cows, sheep and goats (Bergonier et al., 2003; Jorgensen et 
al., 2005b; Jakobsen et al., 2011).  
 
In common  with the other coagulase-positive staphylococci (CPS), S. 
intermedius  and S. hyicus,  S. aureus is isolated and directly confirmed for 
coagulase reaction on Rabbit Plasma Fibrinogen Agar (RPFA) after aerobic 
incubation 48 h at 37 °C (NMKL, 2003) (Fig. 6). Biochemically, S. aureus is 
differentiated from the other CPS species by its ability to rapidly ferment 
maltose (Quinn et al., 1994a). There are both biochemical and molecular 
methods to subtype S. aureus strains and these can be useful when investigat-
ing staphylococcal food poisoning outbreaks (SFPOs). By analysing a number 
of biochemical characteristics, S. aureus strains can be divided into different 
biotypes based on their human, animal or non-host-specific (NHS) origin, 
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namely: human, non-E-haemolytic human, poultry, bovine, ovine, NHS and 
abattoir (Devriese, 1984; Hennekinne et al., 2003). However, these biotypes 
are not host-specific in a strict sense. Human biotypes can be isolated on 
animals and vice versa, but the biotype designation indicates the host of origin 
(Jablonski & Bohach, 1997). Molecular typing methods such as pulsed-field 
gel electrophoresis (PFGE), spa-typing, multi locus sequence typing (MLST) 
and microarray are also used to subtype strains (Wei & Chiou, 2002; Feil et al., 
2003; Concepcion Porrero et al., 2011; Wattinger et al., 2011). 
 
Figure 6. Staphylococcus aureus isolated from raw milk fresh cheese on Rabbit Plasma Fibrino-
gen Agar (RPFA) after 48 h at 37 °C. Typical colonies are grey and surrounded by an opaque halo 
due to coagulase activity (Photo: Flemming Lund). 
The presence of S. aureus in raw milk and the risk of re-contamination after 
heat treatment make it a food safety concern in cheese production, since condi-
tions during the initial processes favour growth of the organism (Fig. 4). Sev-
eral studies have shown that S. aureus grows during the early stages of cheese 
making, even if the bacterium is present in low levels in milk (Meyrand et al., 
1998; Vernozy-Rozand et al., 1998; Delbes et al., 2006). European food 
legislation prescribes cheese making FBOs to analyse for CPS in several dairy 
product processes. If CPS are present at levels >5log10 CFU/g, there is an ob-
ligation to test for the presence of SETs (EC, 2005).  
 
Staphylococcus aureus is also a clinical human pathogen of major concern 
and is a common agent in hospital-acquired (nosocomial) infections. Disease is 
caused by combinations of many virulence factors such as exotoxin production, 
antibiotic resistance and invasiveness. Infection is enabled if the skin barrier is 
breached, and the bacterium may give rise to a wide spectrum of symptoms, 
from pimples and boils to toxic shock syndrome (TSS) and sepsis (Le Loir et 
al., 2003).  
1.4.2 Staphylococcal  enterotoxins 
Staphylococcal enterotoxins are short, single-chain polypeptides of approx. 
600 to 800 amino acids, forming two unequal domains, A and B. Domain A is 
larger, and is proposed to be involved in binding to T-cell receptor sites. It 
contains both the carboxyl and amino termini (Dinges et al., 2000; Argudin et 
al., 2010). Domain B contains a cystein loop, which is suggested to stabilise a 
necessary conformation for the emetic (vomiting) property (Hovde et al., 
1994). While many efforts have been made to identify the amino acids and 
domains involved in emesis, the picture is not complete. There are no specific 
cells or receptors in the intestines linked to SFP, but in the review by Argudin 
et al. (2010), it is suggested that SETs stimulate neurons leading to the vagus 
nerve, which transmits the signal to the vomiting centre in the brain. 
 
SETs that have been shown to induce emesis in primates are called SEs, 
whereas related toxins that either lack emetic activity or have not been tested 
are called staphylococcal enterotoxin-like (SEl) (Lina et al., 2004). To date, 21 
SEs or SEls proteins have been identified and are designated A, B, C… and so 
on up to V (Schlievert & Case, 2007; Thomas et al., 2007; Schelin et al., 
2011). SEA-SEE are called the classical enterotoxins, SEG- SEI and SER- SET 
the new enterotoxins, and SElJ- SElQ and SElU- SElV are designated SEls.  
 
SETs are heat-resistant, and may retain biological activity after 28 min at 
121 °C. However, heat stability has been reported to vary between different 
food matrices and is also affected by the purity of the toxin, initial amount, pH, 
salt concentration and detection method (Balaban & Rasooly, 2000; Ikeda et 
al., 2005). The ability of SETs to resist proteolytic enzymes such as pepsin and 
trypsin, helps them to keep activity in the digestive tract after ingestion 
(Genigeorgis, 1989).  
 
SETs are considered to be superantigens (SAgs), which means that they in-
teract non-specifically with molecules of the major histocompability complex 
(MHC) class II on the surface of antigen presenting cells (Dinges et al., 2000). 
The non-specific interaction leads to activation of a large number of T-cells 
followed by proliferation of immuno cells and massive cytokine release that 
may lead to life-threatening symptoms such as TSS (Balaban & Rasooly, 
2000). The superantigen activity and the emetic activity are two separate func-
tions on the SET-molecule. However, there is a correlation between the activi-
ties, since genetic mutations with no superantigen activity in most cases also 
lose emetic activity (Harris et al., 1993). Despite being typical SAgs, it has 
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been proposed that SETs be called enterotoxins because of their emetic activi-
ties (Lina et al., 2004). 
 
Enterotoxigenic S. aureus strains have different genes encoding for SET 
(se-genes) and sometimes they may carry many types of these. The se-genes 
are encoded on different mobile genetic elements such as plasmids, prophages, 
enterotoxin genetic clusters (egc), S. aureus pathogenicity islands (SaPIs) and 
staphylococcal cassette chromosomes (Noto et al., 2008; Schelin et al., 2011). 
Hence, regulation of se-gene expression varies. Among the classical SETs 
(SEA-E), sea and see are carried on prophages, which are bacteriophages in-
corporated into the bacterial chromosome where they behave like the rest of 
the genome (Betley & Mekalanos, 1985). The seb-gene and the five sec 
variants, are situated on different SaPIs (Schelin et al., 2011) and sed is located 
on a plasmid (Bayles & Iandolo, 1989). SaPIs are mobile pathogenicity islands 
and are very common in S. aureus. They occupy specific sites in the chromo-
some and carry the genes for many SAgs, including se-genes and the toxic 
shock syndrome (tst)-gene (Novick & Subedi, 2007). The seb-, sec- and sed-
genes are regulated by the accessory gene regulator (Agr) system. The Agr 
system is a quorum sensing system that controls the expression of a number of 
genes connected to virulence. Quorum sensing is a cell density-dependent 
system for extracellular signalling between bacteria, and may explain why high 
bacterial levels are needed before SET is produced (Novick & Geisinger, 2008; 
Thoendel et al., 2011). 
 
SETs are commonly detected and quantified by antibody-based enzyme-
linked immunosorbent assay (ELISA). Detection of classical SEA-SEE in 
foods is performed according to the European Reference laboratory (EU-RL) 
screening method. This method comprises an extraction step followed by 
dialysis concentration and immune-enzymatic detection either by using Vidas 
SET2 kit or Ridascreen SET total (ANSES, 2010). Capture sandwich ELISAs 
using standard curves with known concentrations of the tested SET are used 
when separating and quantifying SETs (Hennekinne et al., 2007; Wallin-
Carlquist et al., 2010a) (Fig. 7). At present, there are no immunoassay kits or 
reliable antibodies commercially available for detection of new SE or SEls. 
Therefore, several methods based on polymerase chain reaction (PCR)-
techniques are used to detect and quantify se-genes (Chen et al., 2004; Chiang 
et al., 2006). In addition, a mass spectrophotometry method for detection and 
quantification of SETs has recently been developed (Hennekinne et al., 2009).  
 
Figure 7. Analytical principle of capture sandwich enzyme-linked immunosorbent assay (ELISA) 
detecting staphylococcal enterotoxin A (SEA) in a microtitre plate well. 1) Microtitre wells are 
coated with capture antibody against SEA (anti-SEA). 2) Sample is added and if SEA (antigen) is 
present, it binds to the capture antibody. 3) A detection antibody, biotinylated anti-SEA, is added 
and binds to the captured SEA-antigen. 4) NeutrAvidin
TM-linked alkaline phosphatase is added 
and binds to the biotin part of the detection antibody. 5) Substrate p-nitrophenylphosphate is 
added and cleaved by the alkaline phosphatase into phosphoric acid and p-nitrophenolate, which 
forms a yellow colour. The intensity of the colour formation is measured at 405 nm after 45 min 
in darkness (based on Wallin-Carlqvist et al (2010a) and (University of Bergen, 2012)) 
 
1.4.3 Staphylococcal  food  poisoning   
Staphylococcal food poisoning (SFP) is an intoxication that occurs when foods 
containing sufficient amounts of preformed SETs are consumed. SETs pro-
duced by S. aureus are the only virulence factors directly involved in SFP, and 
they are produced when foods are improperly handled or stored (Genigeorgis, 
1989). SFP is characterised by rapid and acute onset (normally 2-4 h) followed 
by copious vomiting, abdominal cramps, nausea, retching and prostration. 
Diarrhoea is often reported, but never occurs alone (ICMSF, 1996). The symp-
toms can also be more severe, with headache, muscle cramping and transient 
changes in blood pressure and pulse rate (FDA, 2011). Symptoms vary 
depending on individual susceptibility, SET type, amount of consumed food 
and amount of SETs in the food (Jablonski & Bohach, 1997). The disease is 
usually self-limiting within two days, but depending on the severity of the 
symptoms complete recovery may sometimes take longer. Occasionally, in 
cases of dehydration, collapse or pallor, hospitalisation may be needed 
(Argudin et al., 2010; FDA, 2011). Fatalities are rare, but deaths have been 
reported among the elderly, infants and severely weakened persons (Mead et 
al., 1999; EFSA, 2009). 
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As little as 20-100 ng SET may be enough to cause SFP (Asao et al., 2003). 
In 2008, SFPs constituted 5.5% of the total number of reported foodborne out-
breaks within the EU (EFSA, 2009). In Sweden, 111 cases and 30 SFPOs were 
reported in the period 2003-2009, representing 1% and 2% of the total reported 
cases and outbreaks, respectively (Lindqvist et al., 2004, 2005, 2006; Lindblad 
et al., 2008, 2009, 2010). However, the reported number is most likely a small 
proportion of the total number of SFPOs. Underreporting can be caused by 
improper sample collection, misdiagnosis and difficulties in laboratory 
examination of SETs. Foodborne diseases are generally underreported, 
especially those that are self-limiting with short duration and not officially 
notifiable (Mead et al., 1999; Chiang et al., 2006; Argudin et al., 2010; SMI, 
2011). Two studies have been conducted in Sweden to estimate the annual 
number of food poisoning cases and the proportion of cases reported. In 1994, 
the National Food Agency (NFA) conducted a survey regarding food poisoning 
and estimated that 500 000 persons were food-poisoned annually in Sweden 
(Norling, 1994). This can be compared with the total number of reported cases 
which is 1300-2900 per year (Lindqvist et al., 2004, 2005, 2006; Lindblad et 
al., 2008, 2009, 2010). Similarly, a one-year in-depth study of food poisoning 
cases in Uppsala, Sweden, estimated the total number of cases to be 10- to 67-
fold higher than reported (Lindqvist et al., 2001).  
 
SEA is considered to be the most important cause of SFP, but SFPOs 
caused by SEB-SEE have also been reported (Wieneke et al., 1993; Cha et al., 
2006; Kerouanton et al., 2007). Of the new SETs, only SEH has been reported 
to be responsible of SFPO (Ikeda et al., 2005; Jorgensen et al., 2005a). Swed-
ish reports of SFPOs caused by consumption of milk and milk products are rare 
(Lindqvist et al., 2004, 2005, 2006; Lindblad et al., 2008, 2009, 2010; SMI, 
2011), but a number of SFPOs involving raw and pasteurised milk and milk 
products have been reported in other countries (De Buyser et al., 1984; 
Evenson et al., 1988; De Buyser et al., 2001; Schønberg & Wåltorp, 2001; 
Asao et al., 2003; Schmid et al., 2009; Ostyn et al., 2010).  
1.5 Predictive  food  microbiology 
Predictive food microbiology (PM) attempts to describe the behaviour of mi-
croorganisms in foods using mathematical models. It is based on the premise 
that the responses of microbial populations to environmental conditions are 
reproducible and that a limited number of factors determine the growth, death 
and survival of microorganisms in foods. These factors include temperature, 
water activity, pH (acidity), preservatives, redox potential, atmosphere and 
combined effects of such factors (Bassett et al., 2012). Predictive models can 
be used as tools when for example there is a need to predict the possible in-
crease in S. aureus during the first hours of fermentation in cheese making or 
to estimate growth limiting conditions during ripening. By characterising envi-
ronmental factors under defined and controlled conditions, microbial responses 
to new situations and scenarios can be predicted even though experimental data 
are lacking (Ross & McMeekin, 1994; McMeekin et al., 2002).  
 
The use of PM can enable: 
  Prediction of safety, spoilage and shelf-life of products, when a 
product formulation is changed, or when new processes are being 
developed. 
  Objective evaluation of processing operations in the HACCP-
plan. 
  Objective evaluation of consequences of mistakes during produc-
tion. 
 
Predictive models are available for many foodborne bacterial pathogens, 
specific spoilage bacteria and microfungi. The models describe growth and 
inactivation rates (kinetic models) and limits for growth under stress (probabil-
ity and boundary models) (McKellar & Lu, 2004; Ross & Dalgaard, 2004). A 
commonly used classification of predictive models is as primary, secondary 
and tertiary models (Whiting & Buchanan, 1993): 
 
Primary models describe the growth, survival or death of a microorganism as a 
function of time under a specified set of culture conditions. Primary growth 
models can describe changes in numbers, absorbance, concentrations, etc. and 
can be used for estimation of specific growth rates or lag times. A typical mi-
crobial growth curve (as log numbers) has a sigmoid shape, starting with an 
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initial lag phase (no increase in numbers), followed by an exponential phase 
(log-linear increase in numbers), and finally, a stationary phase when the 
maximum number has been reached (Fig 8). A variety of models have been 
used to fit the growth curve, e.g. the modified logistic model, the modified 
Gompertz model, the Baranyi model, the Hills model, the McKellar model and 
the Buchanan model (McKellar & Lu, 2004; Bassett et al., 2012). Primary 
survival models are either linear or non-linear. A well-known example of a 
linear model is the first-order survival curve, which is used to estimate the D-
value, the time for one-log reduction in microbial numbers at a given tempera-
ture. Non-linear survival models describe more complex inactivation kinetics 
and are generally divided into shoulder and tail models (McKellar & Lu, 
2004). 
 
Figure 8. Example of a typical microbial growth curve. N0 and Nmax are the initial and maximum 
number of cells, respectively. If N is expressed as natural logarithm (ln), the expression of the 
generation time is also changed to ln.  
 
Secondary models describe how parameters of the primary models (i.e. lag 
time, specific growth rate, D-value, etc.) change when environmental condi-
tions change, e.g. the effect of temperature on growth rate, pH on survival, 
water activity on lag time, etc. (Whiting & Buchanan, 1993). Commonly used 
secondary models are the square-root-type model, polynomial models, the 
gamma concept and cardinal parameter models and models based on the 
Arrhenius equation. Secondary probability models deal with the likelihood of 
e.g. growth, toxin production or spore germination of a microorganism of con-
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cern occurring in different environmental conditions. Models that define the 
environmental conditions that prevent growth are called growth/no growth 
(GNG) interface (Fig. 9), time-to-growth (TTG), growth boundary or growth 
limit models (Ross & Dalgaard, 2004). 
 
 
Figure 9. Example of a growth/no growth (GNG) diagram for predicting growth limits of S. 
aureus after incubation for 24 h at water activity (aw) values 0.95-0.99. The dashed line indicates 
50% probability of growth (modified from Fabricius (2006)). 
Tertiary models are user-friendly computer applications that make predic-
tions based on primary or secondary models (Whiting & Buchanan, 1993). 
Tertiary models for microbial predictions with user-friendly interfaces have 
increased the use of microbial models for many applications of food safety and 
quality (McKellar & Lu, 2004). Examples of two widely used applications 
freely available are the downloadable and/or internet-based Pathogen 
Modelling Program (PMP) (PMP 7.0, 2007) and the internet-based ComBase 
(ComBase, 2011). 
 
PMP includes models describing the growth, survival, inactivation and 
toxin production of several foodborne pathogens. All PMP models are built on 
scientific publications. The majority are based on experiments carried out in 
defined laboratory media without competition from other microorganisms, but 
a few are based on experiments in food matrices such as beef, chicken, turkey 
or fish (PMP 7.0, 2007). 
 
Growth Growth /no growth P = 0.5 No growth
pH
T
e
m
p
e
r
a
t
u
r
e
°
C
3031 
ComBase consists of a database and a modelling toolbox for predictive 
models. Users can add data from their experiments to the database. The 
ComBase modelling toolbox includes: (1) ComBase Predictor, enabling 
growth, inactivation, and survival predictions; (2) Perfringens Predictor, a spe-
cial application for predicting the response of Clostridium perfringens in 
bulked meat during cooling; and (3) DMfit. DMfit allows microbiologists to fit 
growth models to their data for estimation of parameters such as specific 
growth/inactivation rate and lag time/shoulder based on the models of Baranyi 
& Roberts (1994), the trilinear model, biphasic models or linear models 
(ComBase, 2011). 
 
1.5.1  Environmental factors affecting growth and toxin production 
Adaptation to various environments is crucial for survival, and is often a 
pre-requisite for virulence in pathogenic bacteria. Staphylococcus aureus can 
grow and produce SET over a wide range of temperature, pH, NaCl concentra-
tion and aw values (ICMSF, 1996) (Table 1). As a general rule, ranges of envi-
ronmental factors for S. aureus growth are usually wider than the SET produc-
tion ranges. The robustness of S. aureus, tolerance to NaCl and reduced aw 
permits growth and SET production in many food types. Examples of foods 
that have been involved in outbreaks are cured, cooked, salty, protein rich 
foods such as meat, fish, poultry and dairy products (Genigeorgis, 1989; 
Wieneke et al., 1993; De Buyser et al., 2001; Kerouanton et al., 2007). 
 
In the presence of weak organic acids, the pH limit for growth and SET 
production is higher than presented in Table 1. Weak organic acids such as 
lactic- and acetic acid stress cells, in that pH homeostasis in bacteria is dis-
turbed. Weak organic acids are lipophilic in the undissociated form, which 
enables acid molecules to freely diffuse across the bacterial cell membrane. 
Once inside, the acid dissociates and releases protons that acidify the cyto-
plasm. Much of the cell energy is expended to maintain internal pH and growth 
is reduced or inhibited (Shelef, 1994). Among weak acids commonly used in 
food production, acetic acid is more inhibiting than lactic acid (Genigeorgis, 
1989; ICMSF, 1996). The aw limits for growth and SET production change 
when humectants other than NaCl, e.g. sucrose, glycerol or fructose, are used 
(Stewart et al., 2002). 
 
  
Table 1. Limits for growth and enterotoxin production for S. aureus grown under otherwise 
optimal conditions and HCl as acidulant (after ICMSF, 1996)  
  Growth SET  production 
  Optimum Range  Optimum Range 
Temperature (°C) 37  7-48  40-45  10-48 
pH 6-7    4-10  7-8  4.5
g-9.6 
Water activity (aw) 0.98  0.83->0.99
** 0.98  0.87->0.99 
gg 
NaCl (%)
* 0.5-4.0  0  -20  0.5  0-20 
Atmosphere Aerobic 
Anaerobic-
aerobic 
Aerobic (5-20 % 
dissolved O2) 
Anaerobic-
aerobic 
*Adams & Moss 1996 
** Aerobic (anaerobic aw 0.90->0.99) 
gAerobic (anaerobic pH 5.0) 
ggAerobic (anaerobic aw 0.92->0.99) 
 
1.5.2  Predictive models for Staphylococcus aureus 
There are several published S. aureus models not included in tertiary software 
models. These include boundary models such as growth/no growth (GNG) 
models (Lanciotti et al., 2001; Stewart et al., 2002; Valero et al., 2009) and 
kinetic models describing growth and survival as a function of temperature, 
NaCl, aw, pH with HCl as acidulant, nitrite, and/or LAB (Sutherland et al., 
1994; Fujikawa & Morozumi, 2006; Le Marc et al., 2009). A model for 
predicting SEA in milk has been developed by (Fujikawa & Morozumi, 2006). 
 
Tertiary S. aureus models are available in both PMP and ComBase Predic-
tor. PMP provides models for growth and survival whereas ComBase Predictor 
includes an S. aureus growth model. In both applications, the user enters the 
specified environmental variables, e.g. atmosphere, pH, NaCl content, tem-
perature, aw, and the model outputs include generation time, lag time etc. 
shown in tables or charts (PMP 7.0, 2007; ComBase, 2011).  
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2 Aims 
Small-scale production of artisan cheese is increasing and previous studies 
have indicated a potential risk of staphylococcal food poisoning from these 
products. The overall aim of this licentiate thesis was to provide more know-
ledge about small-scale artisan cheese production and relevant pathogens so 
that advice for microbiologically safe production can be formulated. The 
specific objectives of the studies reported in papers I-II were to: 
  Describe production practices on Swedish small-scale dairies 
(Paper I). 
  Investigate the occurrence and levels of the potential foodborne 
pathogens S. aureus, E. coli and L. monocytogenes in cheese from 
Swedish small-scale artisan dairies (Paper I). 
  Describe the characteristics, origin, diversity and pathogenic 
potential of S. aureus isolates from cheese (Paper I). 
  Investigate factors affecting microbial growth and enterotoxin A 
production in conditions relevant for cheese making (Paper II). 
 
  
3 Present  investigations 
3.1  Survey of small-scale artisan produced cheeses (Paper I) 
A microbiological survey was carried out to investigate the occurrence and 
levels of CPS (mainly S. aureus), E. coli and L. monocytogenes in fresh and 
short-term ripened (<60 days) artisan cheeses from Swedish small-scale 
dairies. Efforts in recruiting participants resulted in 83% (43/52) of known 
dairies making these cheese types sending cheese samples for analysis. Partici-
pation was voluntary and, due to practical limitations, random sampling was 
not possible. Most dairies used pasteurised milk, but to increase the numbers of 
raw milk cheeses, dairies making raw milk cheese were asked to provide sam-
ples on two occasions.  
 
In total, 151 cheese samples were analysed, of which 62% (94/151) were 
made from goat’s milk and 32% (49/151) from cow’s milk. The few remaining 
cheese samples were made from sheep’s milk or a mix of cow’s/goat’s milk 
(Table 1 in Paper I). Pasteurised milk was used for 64% (96/151) of the 
cheeses and starter culture was added when making 89% (134/151) of the 
cheeses (Tables 3-4 in Paper I). The most common cheese types analysed in 
the survey were fresh cheese (52%) followed by Camembert (24%) and Chevre 
(15%) (Table 3 in Paper I). Most cheeses had aw values in the range 0.96-0.99 
and pH in the range 4.3-7.7 (Table 4 in Paper I). 
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3.2   Description of producers, animals and production practices 
(Paper I) 
To understand and describe strengths and weaknesses as regards the food 
safety of Swedish small-scale artisan cheese production, all participants were 
asked to fill in a questionnaire regarding their cheese production and, if appli-
cable, their farm and milk-producing animals (Table 2 in Paper I). The dairy 
questions included personnel, education, dairy premises, utensils, production 
volume, hygiene barriers, control measures, water supply, pasteurisation con-
ditions and procedures for handling starter cultures. The questions about the 
farm and animals included animal species, herd size, mastitis problems, silage 
feeding and milking procedures. 
 
Eighty-three per cent of dairies (35/42) made cheese using milk from their 
own animals. Among the dairies, there was wide variation regarding size of 
milk-producing herd and, hence, the production volumes (<50 L to 1500 L 
milk per batch). The goat farms ranged from 20 to 200 goats, and most had less 
than 60 animals. The cow farms were small, almost half had up to 5 cows, and 
only one farm had more than 20 cows. The three sheep farms had between 30 
and 100 animals (Table 2 in Paper I). Thus, the impact of the cheeses from the 
different dairies on consumers varies.  
 
Workforces were generally small, usually consisting of three persons or 
less. Most had education/training from non-academic cheese making courses 
combined with experience, study trips and learning from colleagues. Of those 
using pasteurised milk, low pasteurisation in a closed vat at 63-68 °C for 20-45 
min was reported to be the dominant pasteurisation procedure. Surprisingly, 
less than 50% of the dairies surveyed reported using a timer and thermometer 
to check pasteurisation. 
 
Three of the dairies did not add lactic starter cultures and relied exclusively 
on the natural flora of the raw milk. The handling routine for the starter cul-
tures varied. Of those dairies responding to the questions regarding starter cul-
ture routines, 67% (23/34) used an overnight (so-called mother-daughter) 
starter culture, 12% (4/34) added freeze dried grains with mixes of different 
LAB directly to the cheese milk, 9 % (3/34) added commercially fermented 
milk (filmjölk) directly to the cheese milk, and 12% (4/34) did not specify their 
routine. Mesophilic starter cultures were added at 20 to 40 °C, where approx. 
60% of the dairies added the starter culture below 30 °C. In all, 78% (29/37), of  
respondents used a pH-meter to check acidification; 8% (3/37) used pH sticks, 
5% (2/37) relied on smell and/or vision, 3% (1/37) had no pH check and 5% 
(2/37) did not specify.  
 
Ten percent of respondents reported unsatisfactory water quality due to 
indicator bacteria during the previous year. The water supply for dairies with 
water quality problems was private wells, drilled or dug. A number of meas-
ures were taken by the cheese making FBOs to avoid contamination by micro-
organisms in the dairy, but only 38% (14/38) reported change of clothing and 
42% (16/38) physical separation of animal house and dairy as hygiene barriers 
(Table 2 in Paper I). 
 
Mastitis was a common problem in the herds, with 60% (21/35) of those 
cheese producers who replied stating that they had experienced mastitis in their 
herd during the previous year. Mastitis prevention measures reported by the 
producers included breeding, milking hygiene and culling of chronically in-
fected animals. Monitoring udder health with CMT was only reported sporadi-
cally. Mastitis treatment differed between animal species; cows were more 
often treated with antibiotics whereas affected goats and sheep were culled 
(Table 2 in Paper I). 
 
3.3  Microbial hazards in cheese (Paper I) 
Staphylococcus aureus (the most common species in foods among the CPS), E. 
coli and L. monocytogenes are important foodborne bacteria in milk and milk 
products, including cheese. In the survey, CPS were detected in 69% (38/55) of 
the raw milk cheese whereas the occurrence was 6% (6/96) in cheeses made 
from pasteurised milk. CPS levels were higher in raw milk cheeses, especially 
in those made without the addition of starter culture (Fig. 10) (Table 3 in Paper 
I). Levels >5 log10 CFU/g were found in 16% (6/39) of the raw milk cheeses, 
and the highest level, 6.56 log10 CFU/g, was detected in a raw milk cheese with 
no starter culture added (Fig. 10) (Table 3 in Paper I). However, SET (SEA-E) 
was not detected in any cheese samples.  
 
Listeria monocytogenes was not detected in any of the cheese samples and, 
based on the 151 samples, occurrence was estimated to be lower than 2% with 
95% probability. Escherichia coli was more frequently found in raw milk 
cheese than in cheeses from pasteurised milk, 34% (19/55) and 3% (3/96) re-
spectively (Table 3 in Paper I). 
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Figure 10. Relationship between levels of coagulase-positive staphylococci (CPS) and production 
conditions for cheeses in the survey (modified after Fabricius (2006)) 
 
Of the 156 CPS strains isolated from cheeses, 97% (152) were identified as 
S. aureus and further characterised. Screening of the se-genes sea to sej was 
done using the PCR-technique and, among isolates, sec was most frequent and 
found in 44% (67/152) of isolates (Fig. 1 in Paper I). The sec-gene was always 
detected alone, and all were of the ovine biotype. In contrast, isolates with 
other se-gene profiles (26%; 40/152) carried combinations of sea, seg and sei 
or sea and seh representing human and non-host (NHS) specific biotypes, re-
spectively. Of the isolates, 29% (45/152) did not carry any of the se-genes 
tested and these isolates represented many different biotypes (Fig. 1 in Paper 
I). When PFGE was used to investigate genetic variation among isolates, the 
same PFGE-types were observed on geographically separated dairies and dif-
ferent PFGE-types were observed within the same dairy (Fig. 2 in Paper I). 
These results indicate different contamination sources, a wide geographical 
spread of some strains, and/or possible transmission of strains via trade in live 
animals.  
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3.4  Growth and enterotoxin A production potential of S. aureus 
under cheese making conditions (Paper II) 
SET-producing S. aureus were commonly found in the cheese samples ex-
amined in the survey, but despite high levels, no SET was detected in the 
cheese samples (Paper I). To estimate ranges and magnitudes where S. aureus 
growth and SET production can occur during the initial steps of cheese 
making, a selected number of cheese isolates from the survey in Paper I were 
investigated for their potential to grow and produce SEA under conditions 
typical of fresh cheese or cheese curd during the initial stages of production. 
These experiments were carried out using pre-defined laboratory media in the 
presence of 0.5% (55 mM) lactic acid (Lactot) (representative of the Lactot 
range during the initial phase of cheese making, Fig. 3), low pH (4.3 to 6.5, 
adjusted to different set concentrations of HLac), temperatures between 15 and 
37 °C, and aw between 0.95 and 0.99 (Tables 1-3 in Paper II). The selected 
isolates in the growth experiments came from cheeses with high S. aureus 
levels, representing different biotypes and se-gene profiles. For the toxin 
potential experiment, SEA-producing isolates were chosen. 
 
A predictive model for the time-to-growth (TTG) was developed based on 
absorbance data from an automated turbidity reader. The model predicted TTG 
as a function of HLac, temperature and aw (eqn. 1 in Paper II). With a Lactot of 
0.5% (55 mM), the TTG model predicted S. aureus growth within the first 18 h 
in the temperature range 20-25 °C and for HLac concentrations between 1.2 
and 2.7 mM, corresponding approximately to pH 5.3-4.9. Growth-limiting 
concentrations were predicted to be in the range 7-9 mM HLac, corresponding 
approximately to pH 4.5-4.3 (Fig. 1 and Table 1 in Paper II). At intermediate 
HLac concentrations, TTG was >18 h. In comparison, lactic acid produced 
during successful fermentation decreases pH in cheese curd from approx. 6.7 to 
approx. 5.3-4.6 depending on the buffering capacity of curd and type of starter 
culture (Cogan & Hill, 1993) (Fig. 3). 
 
Specific growth rates and lag times of S. aureus strains were estimated after 
two pre-treatments in skim milk at three HLac concentrations and two incuba-
tion temperatures. The pre-treatments were designed to simulate start of cheese 
production directly after milking, and refrigerated storage at 4 °C for 24 h 
before cheese making. Detection times of serial dilutions using optical turbidity 
data were analysed using a method developed by Baranyi & Pin (1999). Lag 
time was dependent on both pre-treatment and temperature, and the growth 
potential of S. aureus appeared to be greater when milk was used directly after 
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milking rather than being held at 4 °C for one day after milking (Table 2 in 
Paper II). 
 
Production of SEA in combination with specific growth and inactivation 
rates was investigated in conditions representing cheese making as regards 
Lactot, HLac and temperature. Growth rates were slightly slower compared 
with predictions made in PMP, which does not include the effect of lactic acid 
(Fig. 11). The slower growth rate in our experiments may suggest an effect of 
HLac, despite its low concentrations. SEA was detected at cell concentrations 
greater than 6.8 log10 CFU/mL and the concentration increased linearly during 
the first days of incubation (Fig. 2 in Paper II). The SEA production rate 
increased with increasing temperature and decreasing HLac concentration (Fig. 
2 in Paper II). After two weeks, final SEA concentrations tended to be higher 
in samples with a higher initial HLac concentration, but then initial pH had 
changed (Table 4 in Paper II). This change in the chemical properties of 
growth medium in un-controlled batch experiments highlights a general limita-
tion in this experimental approach (Paper II). 
 
Figure 11. Predicted S. aureus growth curves produced by the Pathogen Modelling Program 
(PMP) at 25 °C at pH values 6.0 (a.) and 5.2 (b.) compared with growth data from the toxin 
experiment (Table 3 in Paper II) performed at the same temperatures and pH. The thin dotted 
lines represent the upper and lower 95% confidence limit for the PMP prediction. The PMP 
model does not include lactic acid, but the toxin experiment included 0.5% (55 mM) lactic acid, 
corresponding to 0.2 and 1.6 mM undissociated lactic acid (HLac) at pH 6.0 and 5.2, respectively.  
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3.5  Process control considerations (Paper I and II) 
The results presented in Papers I and II generated a number of considerations 
regarding process control in the production of small-scale artisan cheeses. 
First, the factors and activities identified as contributing to microbiologically 
safe cheese based on the results of the questionnaire in Paper I were summa-
rised in a mind map (Fig. 12). In the mind-map, sanitary procedures, water 
supply and hygiene barriers represent pre-requisite factors, whereas raw milk 
quality, starter culture, pasteurisation and acidification are factors to be moni-
tored in a HACCP-plan. Education and experience provide the essential basis 
for all activities. Second, steps in the artisan cheese production process impor-
tant for improving microbiological safety were identified. 
 
3.5.1  Raw milk quality 
Staphylococcus aureus of animal biotype was frequently found in the cheese 
samples, highlighting raw milk as an important possible contamination source 
(Fig. 1 in Paper I). Therefore, producers using milk from their own animals 
should regularly monitor raw milk for increased levels of SCC by using CMT 
or, if available, other cell counters. 
 
The species E. coli consists of both non-pathogenic and pathogenic strains 
and both types have been isolated from cows, goats and sheep. Escherichia coli 
was found in about one-third of the raw milk cheeses, showing the high proba-
bility of faecal contamination of milk during milking (Table 3 in Paper I). The 
contamination decreases with good milking hygiene, but it cannot be elimi-
nated unless the milk is treated, e.g. by pasteurisation.  
 
Decreased susceptibility to penicillin was most common in S.aureus strains 
isolated from cheese made of cow’s milk and may be a result of the more 
frequent use of antibiotics in cow herds (Table 2 in Paper I). Therefore, the risk 
of antibiotic residues in raw milk may be greater in cow’s milk compared with 
goat’s and sheep’s milk. 
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3.5.2  Handling of starter cultures 
The responses by the producers indicated a need for enhanced awareness of the 
importance of proper handling of starter cultures (Table 2 in Paper I). An 
active starter culture at an appropriate temperature starts acidification quickly 
and minimises the time to growth of pathogens in the cheese milk. Starter 
activity can be tested by measuring pH or titratable acidity (Bylund, 1995). 
 
Fresh overnight cultures made from heat-treated milk and defined lactic 
acid bacteria, bought as freeze-dried grains, are recommended because the 
culture is well-defined and fit-for-purpose, grows exponentially and is adapted 
to the milk environment and to room temperature (if mesophilic). When pre-
paring overnight cultures, good hygiene is important to prevent contamination 
by airborne fungi or bacteriophages and, if possible, cultures should be pre-
pared in a separate space (Bylund, 1995). Direct addition of commercially 
fermented milk (e.g. filmjölk) to milk should be avoided because of the risk of 
acidification failure. Starter activity declines with age (Stadhouders et al., 
1978) and the age of a fermented milk product is difficult to assess. In addition, 
fermented milks are usually kept refrigerated, which prolongs the lag time of 
the starter culture. Even freeze-dried grains are not adapted to the milk envi-
ronment, and if added directly to milk they have longer lag time, which re-
quires longer pre-acidification (up to 1 h)
2 compared with overnight cultures 
(Olofsson, 2010).  
 
3.5.3  Monitoring of acidification 
Milk is an excellent growth substrate for microorganisms and environmental 
conditions at the start of cheese making favour microbial growth. Hence, rapid 
start of acidification is necessary to reduce growth of S. aureus and other 
possible foodborne pathogens (Paper II). Acidification can be monitored by 
measuring pH with a pH-meter during the initial phases of cheese making. 
However, acidification rates differ depending on cheese type and type of starter 
culture used. To identify acidification disturbances, a pH control chart for each 
cheese type can be made. Such a chart can be constructed by the producer from 
pH data measured at close intervals (e.g. every hour) during the first 7-8 h and 
after ~ 24-25 h of 5 to 10 successful cheese makings. Once constructed, it can 
be used as a ‘cheese-type pH standard’ in every cheese making batch. Then, 
pH can be measured less frequently at defined time intervals and the results 
plotted in the chart (Fig. 13). 
                                                        
2. Kerstin Jürss. Pers. communication 2012-03-02 
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Figure 13. Example of how acidification during the initial phase of cheese making can be plotted 
in a pH control chart and compared against a ‘cheese-type pH standard’. The dashed and dotted 
lines, showing mean value and standard deviation (sd), are based on repeated pH measurements 
from eight (in this fictitious example) successful cheese makings. The upper and lower 95% 
confidence limits are shown as +2 sd and -2sd, respectively.  
 
3.5.4  Sampling for analysis 
The growth of S. aureus and other foodborne pathogenic bacteria occurs 
mainly during the first 24 h of cheese making (Fig. 4). However, in the defined 
laboratory media used in this study, the highest SEA concentration occurred 
later than the peak S. aureus levels and it gradually increased with time (Fig. 2 
in Paper II). According to EC-regulation on microbiological criteria in foods 
(EC, 2005), CPS sampling in cheeses should be done when CPS levels are 
expected to be at their highest, which is during the first day of cheese making 
(Fig. 4). Furthermore, if the levels exceed 5 log10 CFU/g, screening for the 
presence of SET should be carried out. Based on the results of the broth expe-
riments in Paper II, the probability of detecting SET in a cheese may increase if 
the SET analysis is postponed for a few days (Fig. 2 in Paper II). In addition, 
cheese samples should be kept at the appropriate ripening temperature for the 
cheese type in question and not routinely kept refrigerated while awaiting SET 
analysis. For fresh cheeses, however, the appropriate storage is at refrigeration 
temperatures. 
 
pH Control chart pH pH C Con ontr trol ol ch char art t
pH Control chart 
4  Summary and concluding remarks 
 
The main findings of this thesis are that: 
  Levels of the investigated pathogens were reasonable in most 
cheese samples analysed and no staphylococcal enterotoxin (SEA-
E) was detected. However, high levels (5-6.5 log10 CFU/g) of 
staphylococcal enterotoxin C producing Staphylococcus aureus 
were found in several samples of raw milk fresh cheese, especially 
those without starter culture. These results suggest an increased 
risk of staphylococcal food poisoning in those cheeses.  
  Escherichia coli, indicating faecal contamination, was found 10-
fold more frequently in the raw milk cheeses than in cheeses made 
from pasteurised milk. Such contamination can be reduced with 
good milking hygiene, but E. coli cannot be eliminated unless the 
milk has been treated, for example by pasteurisation. 
  Listeria monocytogenes was not detected in any of the 151 cheeses 
analysed, indicating that the occurrence was less than 2% in these 
products.  
  To improve the food safety of small-scale artisan cheeses, there is 
a need to raise awareness of the importance of some pre-requisites 
and process control points. For example, the handling of the starter 
cultures was a concern, since active cultures were not always used 
and fermentation temperatures varied considerably when using e.g. 
mesophilic starter cultures. 
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  A majority of S. aureus cheese isolates were enterotoxigenic and 
carried one or more of the se-genes tested. The sec-gene, followed 
by sea in combination with seg/sei, were the most common genes 
detected. Staphylococcus aureus strains with different properties 
were found in cheeses from the same dairy and strains with the 
same PFGE-pattern were found on geographically distant dairies. 
These results suggest multiple contamination sources and routes. 
  In defined broth cultures, S. aureus could grow and produce 
staphylococcal enterotoxin A (SEA) at HLac concentrations, tem-
peratures and aw typical of the initial phases of cheese making. 
Growth was delayed if milk was refrigerated at 4 °C rather than 
being used immediately after milking. The SEA production rate 
increased with increasing temperature and decreasing HLac con-
centration. High levels of SEA were detected after prolonged in-
cubation, suggesting that staphylococcal enterotoxin (SET) pro-
duction proceeds for a long period after the bacterial stationary 
phase has been reached. Therefore, further storage of cheese 
samples prior to SET analysis may be beneficial when high levels 
of coagulase-positive staphylococci are detected during the first 
day of cheese production. 
  Staphylococcal enterotoxin A was produced when S. aureus levels 
exceeded 6.8 log10 CFU/mL. Hence, to reduce the risk of high S. 
aureus levels followed by SET production in the cheese, initial 
levels of S. aureus and the time taken to reach growth-inhibiting 
conditions must be minimised. This emphasises the importance of 
starter cultures, which affect the growth of S. aureus by both acidi-
fication and other mechanisms.  
  
5 Future  research 
Based on the studies presented in this thesis, the following research needs were 
identified: 
 
Follow-up study  
Based on some of the issues highlighted in Paper I, a follow-up questionnaire 
is needed to investigate whether and how the production practices of small-
scale artisan cheese have changed since 2005. Many new small-scale dairies 
have started, a number of educational measures have been made and food 
hygiene legislation has been changed. An increase in raw milk cheese produc-
tion is expected because current legislation allows the production of Swedish 
raw milk cheese ripened <60 days to be sold not only directly to the consumer 
as before, but also on the common market.  
 
Growth and enterotoxin production rates of SEC-producing strains 
The toxin SEA was chosen in the SET production experiments since it is the 
most common SET involved in staphylococcal food poisoning cases. In our 
survey, most of the enterotoxigenic isolates produced SEC. The genes coding 
for SEA and SEC are located on different sites in the genome and expression 
of the genes is regulated by different mechanisms, so there is reason to believe 
that SEC production differs from SEA production under the conditions tested 
here.  
 
Milk and cheese matrices  
The modelling experiments on growth and enterotoxin production were carried 
out in well-defined laboratory media as a first step to investigate the growth 
and SET-producing potential of S. aureus cheese isolates. Future research 
should include experiments in milk and cheese systems to further resemble the 
dynamics during cheese making. However, milk and cheese are complex 
matrices and several methodological difficulties with this approach are 
foreseen. 
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Growth and enterotoxin production at constant conditions 
Enterotoxin production was modelled in batch experiments where the condi-
tions in the growth medium changed during incubation. In order to study SET 
production under constant conditions, further studies are needed in continuous 
cultures where each parameter can be varied in a controlled way and studied in 
detail.  
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